74      PREPARATION AND PROTECTION OF THE FOUNDATION    [CHAP. 3

spaces or cavitation pockets open up in the fluid behind the projections and the
cutting and penetrating tendency is enormously accentuated. Few native
rocks are so smooth and free from cleavage and bedding planes that they can be
considered absolutely safe against erosion under conditions existing below a
very high dam where no special provision is made for dissipating the energy of
the water before it reaches the stream bed.

27. Spillway Model Tests. In the problem of designing the erosion control
features of a dam, the engineer is confronted with numerous variables in addi-
tion to those pertaining to the nature of the stream bed. Among these may be
mentioned the frequency and intensity of flood flows, the degree of protection
to be provided for very infrequent floods, and the elevation of tailwater at
various discharges.

Because of the interrelation of these variables it is difficult to standardize
spillway apron designs or to be assured of satisfactory results by simply copy-
ing some existing structure. This is particularly true because certain energy-
dissipating devices are especially sensitive to tailwater elevations, slight dif-
ferences in tailwater depth being sufficient to change the type of performance
from excellent to wretched. For these reasons, if the structure is an important
one and there exists any possibility that erosion below the spillway might cause
undesirable conditions, it is best to have the design checked by a model test,
even though previous test results on models of apparently similar structures are
available. Emphasis should be placed on the fact that experience and adequate
facilities are necessary for accurate results.

Extensive modern experience with spillway models proves that these give a
satisfactory reproduction of prototype conditions, insofar as the general dis-
tribution of velocities in the channel below the structure is concerned. In such
models, gravel is usually used to simulate the material of the river bed.
Although it is obviously impracticable to correlate the depth of the gravel scour
precisely with the probable depth of scour in the prototype material, neverthe-
less the use of the gravel is helpful in bringing out the relative efficacy of
various energy-dissipating or energy-controlling devices. Ordinary spillway
models do not reproduce surface tension effects such as air entrainment and
spray formation, and they do not reproduce atmospheric pressure effects such
as cavitation. They do not correctly reproduce hydraulic friction effects
dependent on the viscosity of the liquid, but in typical spillway models the
friction loss is relatively small and is controllable by roughness adjustment on
the model surfaces.

Experiments on spillway models invariably prove that excellent energy
dissipation can be obtained in the models by interposing baffle piers, sills, or
other obstacles in the path of the main jet. Such designs are entirely practica-
ble for low dams. However, if the dam is of considerable height, the destruc-
tive effects of cavitation, as explained later, may prohibit the use of solid
obstacles for breaking up the jet, even though such obstacles appear quite
effective in the models. Difficulty may be experienced in making the latter
point clear to all persons connected with the work.